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This invention relates to an improved type of laser de 
vice for producing high intensity radiation by the stimu 
lation of radiation in a lasing substance. 
One of the primary purposes of lasers is that of in 

tentionally bombarding a reaction element or a sample 
of a particular material with the high intensity radiation 
produced by the laser for the purpose of determining the 
response of the element or material to the light beam, or 
for the purpose of producing a known reaction or change 
in the material. The apparatus embodying the present in 
vention is in certain respects especially adapted for use 
in thus treating a substance or element with laser radia 
tion. A major object of the invention is to provide a 
laser structure which is capable of concentrating a laser 
radiation on a sample of material being treated with great 
er efficiency than has been possible in prior systems, so 
that a particular given amount of stimulated radiation 
will produce an increased effect on the substance being 
treated. 
To achieve this increased result from a given amount 

of laser radiation, I utilize a unique laser structure which 
is edsigned to produce stimulated emission radiation and 
to direct that radiation along a closed path within the laser 
structure or assembly. That is, the radiation follows a 
path along which it is reflected through essentially a series 
of cycles, without allowing escape of the radiation from 
the laser assembly. A lasing material is positioned along 
the path, and acts when stimulated to cause the discussed 
stimulated emission type of radiation. 
To treat the reaction sample or element with the radia 

tion, the apparatus of the invention is designed to allow 
movement of the sample or element into and out of a po 
sition of reception in the defined path of the stimulated 
emission. Thus, any desired substance may be located at 
that point, so that the radiation may pass through the 
substance and produce a particular reaction thereon. If the 
substance is transparent, the radiation may then continue 
along the path and rebound back and forth through a se 
ries of cycles to repeatedly pass through the sample and 
maximize the effect of the radiation on the sample. 
The directing of the radiation along the defined closed 

path is attained by providing a series of light directing 
surfaces constructed and positioned to deflect the stimu 
lated light or radiation in a predetermined manner. Some 
of these surfaces are reflector surfaces, as mentioned 
above. For best results, the light directing surfaces are 
designed to actually focus the stimulated light rays on a 
predetermined point or location along the discussed closed 
path, so that the substance to be treated may be located 
at or near that point, to further increase the overall result 
attainable. For this focusing purpose, some of the light 
directing surfaces may be lens surfaces formed on an ap 
propriate lens or lenses positioned to focus on the dis 
cussed treatment point. 

In one form of the invention, the reflector surfaces 
are formed on a pair of prism elements located at op 
posite sides of the treatment point. In another form of the 
invention, the reflectors are two opposed spherical mir 
rors, centered about a common point and acting to direct 
all of the sitmulated emission through that point. 
The above and other features and objects of the inven 

tion will be better understood from the following de 
tailed description of the typical embodiments illustrated 
in the accompanying drawing, in which: 
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FIG. 1 is a side view representing somewhat diagram 

matically a first form of laser assembly constructed in 
accordance with the invention: 

FIG. 2 is a plan view of the FIG. 1 equipment, taken 
on line 2-2 of FIG. 1; 

FIG. 3 is a side view, partially broken away, of a sec 
ond form of laser structure; and 

FIG. 4 is a vertical section taken on line 4-4 of FIG. 3. 
In FIGS. 1 and 2, I have represented a laser structure, 

the various elements of which may typically be mounted 
on a horizontal supporting base 10. At the center of base 
10, there is provided a support column or structure 11, 
having an upper surface 12 on which there is to be posi 
tioned a reaction chamber or reaction element 13, which 
is desirably axially stigmatic, and for optimum results may 
be a sphere. The element 13 may for example be a hollow 
chamber formed of a glass or other material (for example 
quartz) which is selected to be transparent to the radia 
tion stimulated in the system, and containing a body of 
gas or other material which also may be essentially trans 
parent to that radiation and which is to be acted on there 
by. Alternatively, the element 13 may be a block of a ma 
terial to be studied or acted on, such as a block of quartz, 
or any other material having a field dependent Suscepti 
bility. 
The stimulated radiation which is directed through the 

element or chamber 13 is produced by two members i4 
formed of a material capable of a lasing action, that is, 
a material having absorption and emission band structure 
capable of supporting stimulated emission. As an exam 
ple, members 14 may be two identical discs formed of pink 
ruby, with these two discs being centered about a com 
mon horizontal axis 15 and having opposite parallel planar 
surfaces 16 disposed transversely of the axis. The periph 
eries of the two discs 14 may be defined by two cylindrical 
outer surfaces 17. 

The lasing material 14 is stimulated by light of an ap 
propriate stimulation or absorption frequency (or fre 
quencies). In the case of pink ruby, the stimulation fre 
quencies may be 5600 Angstroms and 4100 Angstroms, to 
produce a stimulated emission or radiation in the pink 
ruby crystals of 6943 Angstroms. The two mentioned stim 
ulation frequencies may be supplied by conventional Xenon 
tubes, typically taking the form of annular tubes or lamps 
18 centered about axis 15 at locations outwardly beyond 
cylindrical surfaces 17. The effect of these lamps may be 
maximized by providing annular reflectors 19 about their 
outer sides, suitably secured at their inner edges 20 to the 
lasing crystals, and having their inner surfaces 21 alumi 
nized or otherwise reflectorized to reflect light radially in 
wardly through the open inner side of each reflector and 
into the associated lasing crystal. The reflectors 19 may 
be of uniform axial cross-section along their entire cir 
cular extent, so that each reflector forms a portion of a 
toroid open at its radially inner side. This toroid may be 
specially designed to direct the light rays radially inwardly 
to lasing material 14 with maximum effectiveness, and for 
this purpose may have the cross-section of an ellipse or 
parabola, with lamp 18 being located at the focus of the 
parabola or at one of the foci of the ellipse. The reflectors 
19 and their associated lasing members 14 are mounted to 
base 10 by a pair of supports represented at 22. 

Axially beyond lasing members 14, the assembly of 
FIGS. 1 and 2 includes two primary reflector elements 23 
and 24 which act to reflect the stimulated radiation back 
and forth through the intermediate lasing members. For 
optimum control of the paths of reflection, it is desired 
that elements 23 and 24 take the form of right angle 
prisms. The prism 23 has two mutually perpendicular 
planar surfaces 25 and 26, inclined at forty-five degree 
angles relative to axis 15, with the opposed planar hypot 
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enuse surface 27 of the prism extending perpendicular to 
axis 15 and in a vertical plane as seen in FIG. 1. The cor 
ner 28 of the prism intersects axis 15 and is perpendicular 
thereto. 
The second prism 24 is constructed the same as prism 

23, but positioned reversely, so that perpendicular planar 
surfaces 25' and 26 are inclined at 45 degree angles to 
axis 15 but advance to the left from corner 28' rather than 
to the right. Planar hypotenuse surface 27 of prism 24 is 
disposed transversely of axis 15, and corner 28' of the 
prism is parallel to corner 28 of prism 23. The two prisms 
may have maximum vertical and horizontal dimensions 
corresponding approximately to the diameter of lasing 
members 14. Prisms 23 and 24 may be mounted to base 
10 in any convenient manner, as by a pair of supports rep 
resented at 29. 

Between each of the lasing members 14 and the loca 
tion of reaction chamber 13, there is positioned a lens 
30. These two lenses may be identical and centered about 
the main axis 15 of the apparatus, and may be supported 
by a pair of supporting columns 31. Each of the lenses is 
constructed and positioned to accept rays which are paral 
lel to axis 15 and focus those rays at a central focus point 
32, which is positioned at approximately the center of the 
area in which the chamber or reaction element 13 is to be 
located. To achieve this purpose, it is desirable to use 
lenses which are axially stigmatic with respect to rays 
parallel to axis 15, such as for example Cartesian Oval 
lenses or the axially stigmatic lenses discussed in "Prin 
ciples of Optics' by Born and Wolf, section 4.10.1, first 
edition, specifically with reference to Equation 12 on 
page 199. As will be apparent, the prisms or end reflector 
elements numbered 23 and 24 and the lenses 30 are all 
constructed of a material which is transparent to the stim 
ulated radiation produced by lasing members 14. 

In using the apparatus of FIGS. 1 and 2, an operator 
first positions the chamber or element 13 at the illustrated 
location, and then energizes lamps 18, to produce radia 
tion at an appropriate frequency or frequencies to be 
absorbed by members 14 and stimulate those members to 
the production of stimulated emission or radiation at a fre 
quency characteristic of the material of which members 
14 are formed. The reflecting and refracting surfaces of 
the prisms and lenses then function to direct the stimulated 
radiation along closed circulation paths within the illus 
trated assembly, which paths pass through focus point 32 
to act on the material being treated. To follow one such 
path, assume that a particular ray of light emanates from 
the right hand one of the two lasing members 14 in a 
rightward direction parallel to axis 15, and at the point 
designated 33 in FIG. 1. This ray travels rightwardly as 
indicated at 34, until it strikes totally reflective surface 25 
of prism 24, and is reflected directed downwardly by that 
surface at 35. Next, the downwardly advancing ray strikes 
totally reflective surface 26, and is reflected to the left, 
parallel to axis 15 along the path 36 until it reaches lens 
30. By virtue of the discussed characteristics of lens 30, 
the ray is then focused inwardly at 37 to pass through 
focal point 32, and ultimately strike the second lens 30 
at the opposite side of the focal point. The ray is then 
refracted to a horizontal path at 38, to strike surface 25 
of prism 23 and be reflected downwardly by that surface 
at 39, then being reflected rightwardly parallel to axis 15 
at 40, by surface 26, until the ray is refracted by the left 
one of the two lenses 30 to pass along path 41 through 
focal point 32 and to the right lens. The right lens brings 
the ray back to an axial orientation, to again follow along 
path 34 toward prism 24. Thus, the radiation follows a 
closed path, that is, a path which continues through many 
cycles within the assembly without allowing escape of the 
radiation from the assembly. Also, each time that the 
radiation passes through one of the lasing members 14, 
the radiation tends to cause the alignment of additional 
stimulated radiation with the initial rays, so that the radia 
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up rapidly to produce a circulation of light at high inten 
sity in the discussed manner. The lenses 30 focus all of 
this light on the point 32, or the area surrounding point 
32, to attain a maximum effect on the reaction element 13 
or the substance contained within that reaction element if 
the element is in the form of a reaction chamber. After a 
particular element 13 has been treated by the radiation, it 
may be removed and another element located in its place 
for similar treatment. 

FIGS. 3 and 4 show a second form of the invention in 
which there are substituted for the two prism type reflec 
tors 23 and 24, a pair of spherically curved reflector shells 
23a and 24a, centered about a common point 32a. Shells 
23a and 24a may be identical with one another, and lo 
cated at diametrically opposite positions with respect to 
center 32a. The inner surfaces 42 of shells 23a and 24a 
are aluminized, silvered, or otherwise rendered specu 
larly reflective, so that light may reflect repeatedly back 
and forth between two corresponding diametrical opposed 
points on the two surfaces 42, and through center 32a, 
to pass through a preferably transparent reaction element 
or chamber 13a mounted on a support 11a at center 32a. 
Support 11a may be carried by a base structure 10a to 
which the partial spherical shells 23a and 24a are mounted 
by supports 29a. As will be apparent from FIGS. 3 and 4, 
the two partial spherical shells 23a and 24a may be less 
than hemispheres in size, to leave an opening at one or 
both sides of the apparatus through which the reaction 
element or chamber 13a may be inserted into position 
on support 11a. 
The lasing material in FIGS. 3 and 4 may take the form 

of a piece of pink ruby or other substance 14a capable 
of producing stimulated emission. Element 14a is illus 
trated as shaped to the form of a portion of a sphere, 
having a wall which is of uniform radial thickness at all 
points, and is centered about the same axis 32a as are 
shells 23a and 24a. Material 14a may be stimulated by an 
annular xenon lamp 18a positioned within an annular 
toroidally shaped internally reflective element 19a having 
an open side at 22a through which stimulating radiation 
may emit from reflector 19a into the spherically shaped 
element 14a. The cross-section of reflector 19a is desirably 
elliptical or parabolic, as in the case of reflector 19 in 
FIG. 1, with lamp 18a being positioned at the focus of 
the parabola or one of the foci of the ellipse, to direct 
the rays into element 14a. 
About member 19a, and connected thereto, there may 

be provided an absorber member 43 formed of a ma 
terial, such as Prussian Blue, which is capable of absorb 
ing the stimulated emission produced by member 18a, so 
that stray rays of that emission which are not passing 
through center 32a of the system will be absorbed by 
element 43 or a second similar element 44. Elements 43 
and 44 may be mounted by supports 45 to a base 10a, and 
may be connected at their upper ends to partial spherical 
reflectors 23a and 24a by a connector strap 46. The parts 
14a and 19a may be held in their illustrated operative 
positions by virtue of their connection to element 43. 

In using the apparatus of FIGS. 3 and 4, the sample 
13a is placed on support 11a, and lamp 18a is then ener 
gized to stimulate lasing material 14a. This material then 
commences to produce a stimulated emission, and this 
stimulated radiation is repeatedly reflected back and forth 
between corresponding diametrically opposed portions of 
the two reflectors 23a and 24a, to repeatedly pass through 
element 14a and be strengthen in intensity by that ele 
ment, with all of the resulting radiation being passed 
through or focused on center 32a, to thereby subject the 

70 

tion along the defined path, and other similar paths, builds 75 

Sample 13a to very high intensity stimulated radiation. 
Where the lasing elements 14 of FIG. 1 (or the corre 

sponding elements of any of the other forms of the in 
vention), are capable of producing two different stimu 
lated emission frequencies, element 13 may be capable 
of functioning as a detector and will then itself radiate 
at the difference frequency of the two optical frequencies, 
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To collect such radiation, a horn or antenna 50 may be 
positioned in proximity to element 13, to receive such 
radiation and deliver it to a utilization device 51 respon 
sive to or actuated by the difference frequency. 

I claim: 
1. The combination comprising a laser structure having 

light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radiation along said closed path, 
means for stimulating said lasing material, a work unit 
responsive to said radiation and positioned at a location 
for impingement on said unit of said radiation as it fol 
lows said closed path, and means for supporting said 
work unit at said location. 

2. The combination as recited in claim 1, in which said 
work unit is essentially transparent to said radiation. 

3. The combination comprising a laser structure having 
light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radiation along said closed path, 
means for stimulating said lasing material, a work unit 
responsive to said radiation and positioned at a location 
for impingement on said unit of said radiation as it fol 
lows said closed path, and means for supporting said work 
unit at said location, said surfaces including focusing 
means for focusing said radiation on said work unit as 
it passes along said closed path. 

4. The combination comprising a laser structure having 
light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radiation along said closed path, 
means for stimulating said lasing material, a work unit 
responsive to said radiation and positioned at a location 
for impingement on said unit of said radiation as it fol 
lows said closed path, and means for Supporting said 
work unit at said location, said surfaces including lens 
surfaces operable to focus said radiation on said work 
unit as it passes along said closed path. 

5. The combination comprising a laser structure having 
light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radation along said closed path, 
means for stimulating said lasing material, and a work 
unit responsive to said radiation and positioned for im 
pingement on said unit of said radiation as it follows said 
closed path, said surfaces including reflector surfaces oper 
able to focus said radiation on said work unit as it passes 
along said closed path. 

6. The combination comprising a laser structure having 
light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radiation along said closed path, 
means for stimulating said lasing material, a work unit 
responsive to said radiation and positioned at a location 
for impingement on said unit of said radiation as it fol 
lows said closed path, and means for supporting said 
work unit at said location, said surfaces including spaced 
reflector surfaces positioned at opposite sides of said work 
unit and acting to reflect said radiation back and forth 
therebetween and through said unit. 

7. The combination comprising a laser structure having 
light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radiation along said closed path, 
means for stimulating said lasing material, and a work 
unit responsive to said radiation and positioned for im 
pingement on said unit of said radiation as it follows said 
closed path, said surfaces including a first pair of reflec 
tor surfaces disposed at right angles to one another and 
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6 
forming a reflector corner at essentially a first side of said 
Work unit, and a second pair of reflector surfaces dis 
posed at right angles to one another and forming a second 
reflector corner at essentially the opposite side of said 
work unit and adapted to coact with said first corner in 
reflecting said radiation back and forth therebetween and 
through said unit. 

8. The combination comprising a laser structure having 
light directing surfaces defining a closed path along which 
stimulated emission radiation is directed by said surfaces, 
said structure including a lasing material for producing 
stimulated emission radiation along said closed path, 
means for stimulating said lasing material, and a work 
unit responsive to said radiation and positioned for im 
pingement on said unit of said radiation as it follows said 
closed path, said surfaces including a first pair of reflector 
surfaces disposed at right angles to one another and form 
ing a reflector corner at essentially a first side of said 
work unit, and a second pair of reflector surfaces disposed 
at right angles to one another and forming a second re 
flector corner at essentially the opposite side of said work 
unit and adapted to coact with said first corner in re 
flecting said radiation back and forth therebetween and 
through said unit, and lens surfaces positioned between 
said reflector surfaces and acting to essentially focus said 
radiation on said unit. 

9. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said surfaces including a first pair of re 
flector surfaces disposed at right angles to one another 
and forming a reflector corner at essentially a first side 
of said work unit, and a second pair of reflector surfaces 
disposed at right angles to one another and forming a 
second reflector corner at essentially the opposite side of 
said unit and adapted to coact with said first corner in re 
flecting said radiation back and forth therebetween and 
through said unit, said laser structure including lens means 
between said reflector corners and along the path of said 
radiation, some of said surfaces being surfaces on said 
lens means acting to essentially focus said radiation on 
said work unit. 

10. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
Surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said laser structure including two spaced 
right angle prisms at opposite sides of said unit, some of 
said surfaces being corner reflector surfaces on said prisms 
acting to reflect said radiation back and forth therebe 
tWeen. 

11. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
Surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
Work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said laser structure including two spaced 
right angle prisms at opposite sides of said work unit, 
some of said surfaces being corner reflector surfaces on 
said prisms acting to reflect said radiation back and forth 
therebetween, said laser structure including two lenses 
between said prisms and at opposite sides of said work 
unit, some of said first mentioned surfaces being surfaces 
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on said two lenses acting to essentially focus said radia 
tion on said unit, and means for supporting said work 
unit at said location. 

12. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said sur 
faces, said structure including a lasing material for pro 
ducing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said surfaces including two opposed, 
concavely curved reflector surfaces positioned at oppo 
site sides of said work unit, and acting to reflect said 
radiation back and forth therebetween and through said 
unit. 

13. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said surfaces including two opposed 
concavely curved partial spherical reflector surfaces po 
sitioned at opposite sides of said work unit and acting 
to reflect said radiation back and forth therebetween and 
through said unit. 

14. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said surfaces including two opposed con 
cavely curved partial spherical reflector surfaces posi 
tioned at opposite sides of said work unit and both cen 
tered essentially about said unit and acting to reflect 
said radiation back and forth therebetween and through 
said unit. 

15. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said surfaces including two opposed con 
cavely curved partial spherical reflector surfaces posi 
tioned at opposite sides of said work unit and both cen 
tered essentially about said work unit and acting to reflect 
said radiation back and forth therebetween and through 
said unit, said lasing material being curved spherically 
about the center of curvature of said partial spherical 
reflector surfaces at a location between said unit and One 
of said spherical reflector surfaces. 

16. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
surfaces, said structure including a lasing material for 
producing stimulated emission radiation along said closed 
path, means for stimulating saidlasing material and a Work 
unit responsive to said radiation and positioned for im 
pingement on said unit of said radiation as it follows 
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said closed path, said surfaces including two opposed, con 
cavely curved reflector surfaces positioned at opposite 
sides of said unit and acting to reflect said radiation back 
and forth therebetween and through said unit, said lasing 
material being concavely curved and positioned between 
said unit and one of said reflector surfaces. 

17. The combination comprising a laser structure hav 
ing light directing surfaces defining a closed path along 
which stimulated emission radiation is directed by said 
surfaces, said structure including a lasing material for pro 
ducing stimulated emission radiation along said closed 
path, means for stimulating said lasing material, and a 
work unit responsive to said radiation and positioned for 
impingement on said unit of said radiation as it follows 
said closed path, said stimulating means including a re 
flector forming essentially a toroid about said lasing ma 
terial and open at its radially inner side and containing an 
radiation which is reflected inwardly by the reflector to 
said lasing material. 

8. A laser structure comprising a lasing material op 
erable to produce stimulated emission radiation, means 
for stimulating said lasing material to produce said radia 
tion, and light directing surfaces defining a closed path 
along which said stimulated emission radiation produced 
by the lasing material is directed by said surfaces, there 
being a location along said path which is open to move 
ment of a work unit to be acted on by said radiation into 
and out of the path of the radiation for impingement of 
said radiation on said unit without escape from said closed 
path, said light directing surfaces being constructed to 
prevent the escape of any coherent beam of said stimu 
lated radiation from said closed path. 

19. A laser structure comprising a lasing material op 
erable to produce stimulated emission radiation, means 
for stimulating said lasing material to produce said radi 
ation, light directing surfaces defining a closed path along 
which said stimulated emission radiation produced by the 
lasing material is directed by said surfaces, there being a 
location along said path which is open to movement of a 
work unit to be acted on by said radiation into and out of 
the path of the radiation for impingement of said radiation 
on said unit without escape from said closed path, and 
means for supporting said work unit at said location. 
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